and 087 with a bias of -6-9 (SD 6.9) ml and -16 (11.2) ml for systolic and diastolic volumes respectively. Interobserver variability was mi mal (8.3% and 7*6% respectively). Cross sectional echocardiography gave correlation coefficients of 062 and 0-80 and bias of 3'1 (14.1) ml and 16-3 (18.3)ml for systolic and diastolic volumes respectively. Ejection fraction by three dimensional echocardiography also had closer agreement with MRI (bias = 1.1 (7.7)%) than cross sectional echocardiography (bias = 4.4 (13.9)%).
(SD 6.9) ml and -16 (11.2) ml for systolic and diastolic volumes respectively. Interobserver variability was mi mal (8.3% and 7*6% respectively). Cross sectional echocardiography gave correlation coefficients of 062 and 0-80 and bias of 3'1 (14.1) ml and (18. 3)ml for systolic and diastolic volumes respectively. Ejection fraction by three dimensional echocardiography also had closer agreement with MRI (bias = 1.1 (7.7)%) than cross sectional echocardiography (bias = 4.4 (13.9)%). 26 patients were less than 13 years of age (median age 11 6 years, range 9 months to 42 years).
THREE DIMENSIONAL ECHOCARDIOGRAPHY

Instrumentation
The features of our three dimensional echocardiographic system have been described previously. 19 Briefly, an acoustic spatial locator (Model GP 8-3D, Science Accessories Corporation, Stratford, CT, USA) and personal computer (Model 4DX-33V, Gateway 2000, North Sioux City, South Dakota, USA) are linked to a conventional cross sectional echocardiograph (Model 77020AC, HewlettPackard Corporation, Andover, MA, USA). ECG gated real time echocardiographic images are transmitted to the personal computer, digitised, and stored together with their spatial coordinate data in cine-loop format for future retrieval and analysis.
Image acquisition using the line of intersection display The display of the line of intersection in a reference image is used by the operator to guide positioning the real time short axis images during acquisition of a dataset for volume computation. By using the display, the operator is able to assure that the short axis images define the end planes accurately representing the ventricle. The short axis images are spaced appropriately from the inferior surface of the aortic valve throughout the body of the left ventricle to the apex. For computation of left ventricular volume, a typical dataset is composed of 7-10 short axis images. The Cross sectional echocardiography Interobserver variability was significantly higher for the various cross sectional techniques than for three dimensional echocardiography (32-8% and 36-3% for systolic and diastolic volumes respectively). When comparison was made using the best results of the two observers only, cross sectional echocardiography showed poorer correlation, greater SEE, and worse agreement for both end diastolic and end systolic volumes than three dimensional echocardiography [ Boundary tracing is time consuming and relatively labour intensive. Furthermore, tracing inaccuracies remains a significant potential source of error with all imaging methods. These errors in cross sectional echocardiographic systems (as also employed in our three dimensional system) are caused primarily by inadequate definition of the boundary and by relatively poor lateral resolution of the ultrasound beam within the image plane and perpendicular to it. While satisfactory accuracy and reproducibility can be achieved by careful adherence to a well defined rule for tracing, precise boundary tracing remains a difficult problem.
Finally, the fact that the methodologies assessed in this study were not performed simultaneously but as much as several days apart raises the possibility that volume differences noted may have been exaggerated by altered loading conditions at different points in time.
CONCLUSION
The results of this study show that three dimensional echocardiography, using the polyhedral surface reconstruction algorithm and the line of intersection display for image positioning guidance, provides reliable estimates of left ventricular volumes and ejection fraction, comparable to magnetic resonance imaging in patients with compressed left ventricular geometry secondary to pulmonary hypertension. Furthermore, three dimensional echocardiography is more accurate and reproducible in these patients than conventional cross sectional echocardiography.
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